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Figure 137. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the positive area index. 
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Figure 138. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the fill area index. 
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Figure 139. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the LWP 1.8-m rut depths. 
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Figure 140. Paired t-test comparing section means from all of the profiles  

versus those from profiles taken every 30 m for data collected by Dipstick   
for the LWP 1.8-m rut widths. 
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Figure 141. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the RWP 1.8-m rut depths. 
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Figure 142. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the RWP 1.8-m rut widths. 
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Figure 143. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the LWP wire line rut depths. 

Whole Mean(3.7 m LWP) By All Mean(3.7 m LWP)

0

10

20

30

0 10 20 30
All Mean(3.7 m LWP)

Paired t-Test

Paired t-Test

All Mean(3.7 m LWP) - Whole Mean(3.7 m LWP)
Mean Difference
Std Error
t-Ratio
DF

0.051297
0.018403
2.787479

     812

   Prob > |t|
Prob > t
Prob < t

0.0054
0.0027
0.9973



 207

 

 
Figure 144. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the LWP wire line rut widths. 
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Figure 145. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the RWP wire line rut depths. 
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Figure 146. Paired t-test comparing section means from all of the profiles 

versus those from profiles taken every 30 m for data collected by Dipstick  
for the RWP wire line rut widths. 
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APPENDIX D.  
t-TESTS COMPARING VARIOUS PAVEMENT PARAMETERS 

 
 
 
These are the comparisons that were performed in chapter 4.  Figures 147 through 157 provide 
the results of the comparisons of each index for the GPS-1 (HMAC over granular base) section 
means and the GPS-7 (HMAC overlay of PCC) section means.  The top box of each figure 
provides a graphical review of the results.  The middle box provides the results from a t-test for 
comparing means with equal variances at an α-level of 5 percent.  The bottom box provides the 
results of a comparison of the variances between the groups and an ANOVA test in case the 
variances are not equal.  Figures 158 through 168 provide the results of the comparisons of the 
GPS-1 (HMAC over granular base) and GPS-2 (HMAC over stabilized base) sections by surface 
thickness.  Figures 169 through 179 provide the results of the comparisons of granular versus 
stabilized base types for GPS-1 and GPS-2 sections with less than 127 mm of HMAC surface.  
Figures 180 through 190 provide the results of the comparisons of asphalt stabilized bases to 
cement stabilized bases for GPS-1 and GPS-2 sections with less than 127 mm of HMAC surface.  
Figures 191 through 201 provide the results of the comparisons between the freeze (F) zone and 
the no freeze (NF) zone for the GPS-7 test sections.  The bottom half of the upper box of 
numbers provides the results of the t-tests comparing each set of values.  If the value in the table 
is positive, the difference is statistically significant, which means that the data sets are from two 
different populations with a 95 percent level of confidence.  The bottom box provides a 
comparison of the standard deviations.  The column of numbers provided under the heading 
“Prob>F” are the probabilities of getting an F-ratio that large given that the standard deviations 
are the same.  A value of 0.05 or less is statistically significant. 
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Figure 147. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the negative area index. 
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Figure 148. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the positive area index. 
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Figure 149. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the fill area index. 
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Figure 150. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the LWP 1.8-m rut depths. 
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Figure 151. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the LWP 1.8-m rut widths. 
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Figure 152. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the RWP 1.8-m rut depths. 
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Figure 153. Paired t-test comparing GPS-1 section means versus 

GPS-7 section means for the RWP 1.8-m rut widths. 
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Figure 154. Paired t-test comparing GPS-1 section means versus GPS-7 

section means for the LWP wire line rut depths. 
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Figure 155. Paired t-test comparing GPS-1 section means versus GPS-7 

section means for the LWP wire line rut widths. 

 LWP 3.7 W By Experiment

0

1000

2000

3000

4000

1 7

Experiment

Each Pair
Student's t

 0.05

Means Comparisons

Dif=Mean[i]-Mean[j]
1
7

1
  0.0000

-65.7585

7
 65.7585
  0.0000

Alpha= 0.05
Comparisons for each pair using Student's t

t
 1.96175

Abs(Dif)-LSD
1
7

1
 -60.977
 -45.529

7
 -45.529

-145.092

Positive values show pairs of means that are significantly different.

Tests that the Variances are Equal

Level
1
7

Count
  1155
   204

Std Dev
 741.7171
 776.1235

MeanAbsDif to Mean
 605.8859
 643.8401

MeanAbsDif to Median
 575.8719
 616.5490

Test
O'Brien[.5]
Brown-Forsythe
Levene
Bartlett

F Ratio
   0.9616
   1.0427
   1.3634
   0.7238

DF Num
     1
     1
     1
     1

DF Den
  1357
  1357
  1357

     ?

Prob>F
0.3270
0.3074
0.2432
0.3949

Welch Anova testing Means Equal, allowing Std's Not Equal
F Ratio

   1.2610
t-Test

   1.1230

DF Num
     1

DF Den
272.53

Prob>F
0.2624



 221

 

 
Figure 156. Paired t-test comparing GPS-1 section means versus GPS-7 

section means for the RWP wire line rut depths. 
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Figure 157. Paired t-test comparing GPS-1 section means versus GPS-7 

section means for the RWP wire line rut widths. 
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Figure 158. Paired t-test comparing GPS-1 and GPS-2 section 

means for the negative area index versus surface thickness. 
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Figure 159. Paired t-test comparing GPS-1 and GPS-2 section 

means for the positive area index versus surface thickness. 
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Figure 160. Paired t-test comparing GPS-1 and GPS-2 section 

means for the fill area index versus surface thickness. 
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Figure 161. Paired t-test comparing GPS-1 and GPS-2 section 
means for the LWP 1.8-m rut depths versus surface thickness. 
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Figure 162. Paired t-test comparing GPS-1 and GPS-2 section 
means for the LWP 1.8-m rut widths versus surface thickness. 
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Figure 163. Paired t-test comparing GPS-1 and GPS-2 section 
means for the RWP 1.8-m rut depths versus surface thickness. 
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Figure 164. Paired t-test comparing GPS-1 and GPS-2 section 
means for the RWP 1.8-m rut widths versus surface thickness. 
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Figure 165. Paired t-test comparing GPS-1 and GPS-2 section 

means for the LWP wire line rut depths versus surface thickness. 
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Figure 166. Paired t-test comparing GPS-1 and GPS-2 section 

means for the LWP wire line rut widths versus surface thickness. 
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Figure 167. Paired t-test comparing GPS-1 and GPS-2 section 

means for the RWP wire line rut depths versus surface thickness. 
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Figure 168. Paired t-test comparing GPS-1 and GPS-2 section 

means for the RWP wire line rut widths versus surface thickness. 
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Figure 169. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the negative area index versus base type. 
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Figure 170. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the positive area index versus base type. 
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Figure 171. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the fill area index versus base type. 
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Figure 172. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the LWP 1.8-m rut depths versus base type. 
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Figure 173. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the LWP 1.8-m rut widths versus base type. 
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Figure 174. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the RWP 1.8-m rut depths versus base type. 
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Figure 175. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the RWP 1.8-m rut widths versus base type. 
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Figure 176. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the LWP wire line rut depths versus base type. 
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Figure 177. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the LWP wire line rut widths versus base type. 
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Figure 178. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the RWP wire line rut depths versus base type. 
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Figure 179. Paired t-test comparing thin-surfaced GPS-1 and GPS-2 

section means for the RWP wire line rut widths versus base type. 
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Figure 180. Paired t-test comparing thin-surfaced GPS-2 section means 
for the negative area index versus base type. 
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Figure 181. Paired t-test comparing thin-surfaced GPS-2 section 

means for the positive area index versus base type. 
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Figure 182. Paired t-test comparing thin-surfaced GPS-2 section means 

for the fill area index versus base type. 
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Figure 183. Paired t-test comparing thin-surfaced GPS-2 section means 

for the LWP 1.8-m rut depths versus base type. 
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Figure 184. Paired t-test comparing thin-surfaced GPS-2 section 
means for the LWP 1.8-m rut widths versus base type. 
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Figure 185. Paired t-test comparing thin-surfaced GPS-2 section means 

for the RWP 1.8-m rut depths versus base type. 
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Figure 186. Paired t-test comparing thin-surfaced GPS-2 section means  
for the RWP 1.8-m rut widths versus base type. 
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Figure 187. Paired t-test comparing thin-surfaced GPS-2 section means 

for the LWP wire line rut depths versus base type. 
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Figure 188. Paired t-test comparing thin-surfaced GPS-2 section means 
for the LWP wire line rut widths versus base type. 
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Figure 189. Paired t-test comparing thin-surfaced GPS-2 section means 

for the RWP wire line rut depths versus base type. 
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Figure 190. Paired t-test comparing thin-surfaced GPS-2 section means 

for the RWP wire line rut widths versus base type. 
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Figure 191. Paired t-test comparing climate for the GPS-7 

section means of the negative area index. 

 Neg Area By Freeze

-30000

-20000

-10000

0

F NF

Freeze

Each Pair
Student's t

 0.05

Means Comparisons

Dif=Mean[i]-Mean[j]
F
NF

F
    0.00

-7836.63

NF
 7836.63

    0.00

Alpha= 0.05
Comparisons for each pair using Student's t

t
 1.97363

Abs(Dif)-LSD
F
NF

F
-1752.69
 4538.96

NF
 4538.96
-4321.72

Positive values show pairs of means that are significantly different.

Tests that the Variances are Equal

Level
F
NF

Count
   152
    25

Std Dev
  6616.52

 12712.12

MeanAbsDif to Mean
  4959.72

 11206.17

MeanAbsDif to Median
  4433.68

 10968.44

Test
O'Brien[.5]
Brown-Forsythe
Levene
Bartlett

F Ratio
  27.5627
  23.3755
  40.6032
  23.3016

DF Num
     1
     1
     1
     1

DF Den
   175
   175
   175

     ?

Prob>F
<.0001
<.0001
<.0001
<.0001

Welch Anova testing Means Equal, allowing Std's Not Equal
F Ratio

   9.0956
t-Test

   3.0159

DF Num
     1

DF Den
26.178

Prob>F
0.0056



 257

 

 
Figure 192. Paired t-test comparing climate for the GPS-7 

section means of the positive area index. 
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Figure 193. Paired t-test comparing climate for the GPS-7 

section means of the fill area index. 
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Figure 194. Paired t-test comparing climate for the GPS-7 

section means of the LWP 1.8-m rut depths. 
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Figure 195. Paired t-test comparing climate for the GPS-7 

section means of the LWP 1.8-m rut widths. 
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Figure 196. Paired t-test comparing climate for the GPS-7 

section means of the RWP 1.8-m rut depths. 
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Figure 197. Paired t-test comparing climate for the GPS-7 

section means of the RWP 1.8-m rut widths. 
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Figure 198. Paired t-test comparing climate for the GPS-7 

section means of the LWP wire line rut depths. 
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Figure 199. Paired t-test comparing climate for the GPS-7 

section means of the LWP wire line rut widths. 
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Figure 200. Paired t-test comparing climate for the GPS-7 

section means of the RWP wire line rut depths. 
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Figure 201. Paired t-test comparing climate for the GPS-7 

section means of the RWP wire line rut widths. 
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APPENDIX E.  
COMPARISONS OF TIME-SERIES SLOPES 

 
 
 
The slopes for the time-series data for each test section were determined for each of the indices.  
The distributions of the slopes are provided in figures 202 through 212.  The signs of the slopes 
for each of the indices were compared to the signs for the LWP 1.8-m rut depth.  These results 
are provided in figures 213 through 222.  The top block in each figure is a graphical presentation 
of the results.  The second block is a contingency table that provides a count for each cell in the 
table.  A “-1” indicates a negative slope, a “0” indicates a zero slope, and a “1” indicates a 
positive slope.  The bottom block provides the statistical results for each analysis. 
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Figure 202. Distribution of the time-series slopes for the negative area index. 
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Figure 203. Distribution of the time-series slopes for the positive area index. 
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Figure 204. Distribution of the time-series slopes for the fill area index. 
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Figure 205. Distribution of the time-series slopes for the LWP 1.8-m rut depths. 

 1.8 m LWP

-0.02

0.00

0.02

0.04

0.06

0.08
0.09

0.11
.001 .01 .05.10 .25 .50 .75 .90.95 .99 .999

-4 -3 -2 -1 0 1 2 3 4

 Normal Quantile

Quantiles

maximum
 
 
 
quartile
median
quartile
 
 
 
minimum

100.0%
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%
10.0%

2.5%
0.5%
0.0%

0.11460
0.02424
0.00722
0.00288
0.00108
0.00011
-0.0001
-0.0011
-0.0034
-0.0073
-0.0105

Moments

Mean
Std Dev
Std Error Mean
Upper 95% Mean
Lower 95% Mean
N
Sum Weights
Sum
Variance
Skewness
Kurtosis
CV

   0.0009
   0.0053
   0.0002
   0.0013
   0.0005

 793.0000
 793.0000

   0.7114
   0.0000

  14.1308
 274.7799
 594.3052



 272

 

 
Figure 206. Distribution of the time-series slopes for the LWP 1.8-m rut widths. 
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Figure 207. Distribution of the time-series slopes for the RWP 1.8-m rut depths. 
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Figure 208. Distribution of the time-series slopes for the RWP 1.8-m rut widths. 
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Figure 209. Distribution of the time-series slopes for the LWP wire line rut depths. 
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Figure 210. Distribution of the time-series slopes for the LWP wire line rut widths. 
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Figure 211. Distribution of the time-series slopes for the RWP wire line rut depths. 
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Figure 212. Distribution of the time-series slopes for the RWP wire line rut widths. 

 W 3.7 m RWP

0

10

20
.001 .01 .05.10 .25 .50 .75 .90.95 .99 .999

-4 -3 -2 -1 0 1 2 3 4

 Normal Quantile

Quantiles

maximum
 
 
 
quartile
median
quartile
 
 
 
minimum

100.0%
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%
10.0%

2.5%
0.5%
0.0%

 21.200
  4.693
  1.143
  0.286
  0.048
  0.000
 -0.209
 -0.641
 -1.629
 -3.643
 -3.985

Moments

Mean
Std Dev
Std Error Mean
Upper 95% Mean
Lower 95% Mean
N
Sum Weights
Sum
Variance
Skewness
Kurtosis
CV

  -0.0510
   1.1322
   0.0402
   0.0280
  -0.1299

 793.0000
 793.0000
 -40.4105
   1.2819

  11.4181
 198.7784
-2221.793



 279

 

 
Figure 213. Comparison of the signs of the slopes for the negative  

area index versus those for the LWP 1.8-m rut depths. 
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Figure 214. Comparison of the signs of the slopes for the 

positive area index versus those for the LWP 1.8-m rut depths. 
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Figure 215. Comparison of the signs of the slopes for the  

fill area index versus those for the LWP 1.8-m rut depths. 
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Figure 216. Comparison of the signs of the slopes for the 

LWP 1.8-m rut widths versus those for the LWP 1.8-m rut depths. 
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Figure 217. Comparison of the signs of the slopes for the 

RWP 1.8-m rut depths versus those for the LWP 1.8-m rut depths. 
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Figure 218. Comparison of the signs of the slopes for the 

RWP 1.8-m rut widths versus those for the LWP 1.8-m rut depths. 
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Figure 219. Comparison of the sign of the slopes for the 

LWP wire line rut depths versus those for the LWP 1.8-m rut depths. 
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Figure 220. Comparison of the signs of the slopes for the 

LWP wire line rut widths versus those for the LWP 1.8-m rut depths. 
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Figure 221. Comparison of the signs of the slopes for the 

RWP wire line rut depths versus those for the LWP 1.8-m rut depths. 
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Figure 222. Comparison of the signs of the slopes for the 

RWP wire line rut widths versus those for the LWP 1.8-m rut depths. 
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